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(57) ABSTRACT 

Asystem and method of assembling a ball grid array (BGA) 
package With IC die support is described. A stiffener is 
attached to a substrate that includes a centrally located 
opening With an integrated circuit (IC) die support structure 
rernovably held therein. An IC die is mounted to a central 
region of the stiffener. Further assembly process steps may 
be performed on the BGA package With IC die support. The 
IC die support structure is removed from the centrally 
located opening. In aspects of the invention, the IC die 
support structure is rernovably held in the opening by an 
adhesive tape or by one or more substrate tabs. 
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\ 
a stiffener is attached to a substrate that has a centrally located opening that is open 
therethrough and has an integrated circuit (IC) die support structure removably held therein 
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an _IC die is mounted to a central region of the stiffener 

1606 

\ . 
the IC die support structure is removed from the centrally located opening 
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1700 N 

a substrate strip that includes a plurality of substrates that each include a centrally 
located opening with an IC die support structure removably held therein is formed 

1702 

1704 

\ ll 
a stiffener strip that includes a plurality of-stiffeners is attached to the substrate strip 
such that a ?rst surface of each stiffener of the plurality of stiffeners is attached to 
a ?rst surface of a corresponding substrate of the plurality of substrates 

an IC die is mounted to a central region of a second 
surface of each stiffener of the plurality of stiffeners 

a bond pad of the IC die mounted to each stiffener of the plurality of 
stiffeners is connected to a contact pad on the ?rst surface of the 
corresponding substrate of the plurality of substrates with a wire bond 

1710\ 
the IC die and the wire bond are encapsulated on the 
second surface of each stiffener of the plurality of stiffeners 

1712\ z ¢ 
the IC die I support structure is removed from the centrally 
located opening of each substrate of the plurality of substrates 

FIG. 17A 
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From Flowchart 1700 in FIG. 17A 

1714\ 
a heat spreaderis mounted to a central region of the ?rst surface of 
each stiffener of the plurality of stiffeners through the centrally 
located opening in each substrate of the plurality of substrates 

1716\ 
a plurality of solder balls are attached to a second 
surface of each substrate of the plurality of substrates 

1718\ 
a substrate/stiffener strip formed by attaching the stiffener strip to the substrate 
strip in step 1704 is singulated into a plurality of separate BGA packages 

FIG. 17B 
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IC DIE SUPPORT STRUCTURES FOR BALL GRID 
ARRAY PACKAGE FABRICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/352,877, ?led Feb. 1, 2002 (Atty. 
Dkt. No. 18750200002), Which is herein incorporated by 
reference in its entirety. 

[0002] The following applications of common assignee 
are related to the present application, have the same ?ling 
date as the present application, and are herein incorporated 
by reference in their entireties: 

[0003] “Ball Grid Array Package Enhanced With a Ther 
mal and Electrical Connector,” Atty. Dkt. No. 
18750200004, Ser. No. 

[0004] “Ball Grid Array Package With Patterned Stiffener 
Layer,” Atty. Dkt. No. 18750200005, Ser. No. ; 

[0005] “Ball Grid Array Package With Stepped Stiffener 
Layer,” Atty. Dkt. No. 1875.2730000, Ser. No. ; 

[0006] “Ball Grid Array Package With Multiple Interpos 
ers,” Atty. Dkt. No. 1875.2750000, Ser. No. ; and 

[0007] “Ball Grid Array Package With Separated Stiffener 
Layer,” Atty. Dkt. No. 1875.2760000, Ser. No. . 

BACKGROUND OF THE INVENTION 

[0008] 1. Field of the Invention 

[0009] The invention relates generally to the ?eld of 
integrated circuit (IC) device packaging technology and, 
more particularly, to techniques for providing support to a 
ball grid array (BGA) packages during assembly processes. 

[0010] 2. Related Art 

[0011] Integrated circuit (IC) dies are typically mounted in 
or on a package that facilitates attachment to a printed circuit 
board (PCB). One such type of IC die package is a ball grid 
array (BGA) package. BGA packages provide for smaller 
footprints than many other package solutions available 
today. A BGA package has an array of solder balls located 
on a bottom eXternal surface of a package substrate. The 
solder balls are re?oWed to attach the package to the PCB. 
In one type of BGA package, the IC die is mounted to a top 
surface of the package substrate. Wire bonds typically 
couple signals in the IC die to the substrate. The substrate 
has internal routing Which electrically couples the IC die 
signals to the solder balls on the bottom substrate surface. 

[0012] A number of BGA package substrate types eXist, 
including ceramic, plastic, and tape (also knoWn as “?eX”). 
In some BGA package types, a stiffener may be attached to 
the substrate to supply planarity and rigidity to the package. 
In such packages, the IC die may be mounted to the stiffener 
instead of the substrate. Openings in the stiffener may be 
used to alloW the IC die to be Wire-bonded to the substrate. 

[0013] Die-up and die-doWn BGA package con?gurations 
eXist. In die-up BGA packages, the IC die is mounted on a 
top surface of the package, opposite of the side to Which the 
solder balls are attached. In die-doWn BGApackages, the IC 
die is mounted on a bottom surface of the package, on the 
same side as Which the solder balls are attached. 
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[0014] Various assembly process steps for the BGApack 
age may cause harmful stresses and shocks to the IC die. 
These process steps include attachment of the IC die to the 
BGA package, attachment of Wire bonds, encapsulation of 
the IC die and Wire bonds for environmental protection, 
attachment of solder balls to the BGA package, and other 
steps. As a result of the stress occurring during these 
processes, the package stiffener may become deformed. The 
deformation of the stiffener may lead to the formation of 
cracks in the IC die, potentially rendering the IC die inop 
erable. Hence, costs in terms of lost money and time may be 
incurred for repairing and replacing damaged IC dies and 
BGA packages, among other costs. 

[0015] Hence, What is needed are improved BGA package 
assembly processes that reduce stresses and shocks that may 
harm the BGA package. 

BRIEF SUMMARY OF THE INVENTION 

[0016] Ball grid array (BGA) packages having enhanced 
electrical, thermal, and mechanical characteristics are 
described herein. In particular, improved assembly pro 
cesses and structures are described. In an aspect of the 
present invention, a system and method of assembling a 
BGA package With integrated circuit (IC) die support are 
described. A stiffener is attached to a substrate that includes 
a centrally located opening With an IC die support structure 
removably held therein. An IC die is mounted to a central 
region of the stiffener. The IC die support structure is 
subsequently removed from the centrally located opening. 

[0017] In a further aspect, additional assembly process 
steps in addition to mounting the IC die are performed 
before removing the IC die support structure. Such addi 
tional steps include, for eXample, connecting a bond pad of 
the IC die to a contact pad on the substrate With a Wire bond. 
In another aspect, the IC die is encapsulated on the stiffener. 
The IC die support structure supports the stiffener during one 
or more of these assembly process steps to reduce deforma 
tion of the stiffener and damage to the IC die. 

[0018] In an aspect of the present invention, the IC die 
support structure is attached to the substrate by an adhesive 
tape. The adhesive tape to Which the IC die support structure 
is attached removably holds the IC die support structure 
Within the centrally located opening. The applied adhesive 
tape is detached from the substrate to remove the IC die 
support structure from the centrally located opening. 

[0019] In another aspect of the present invention, the IC 
die support structure is formed in the opening as a portion of 
the substrate. The IC die support structure portion of the 
substrate remains removably held in the opening by one or 
more substrate tabs. The one or more substrate tabs are 

broken to release the IC die support structure from the 
centrally located opening. 

[0020] In another aspect of the present invention, a system 
and method of assembling a plurality of BGA packages is 
described. A substrate strip that includes a plurality of 
substrates that each include a centrally located opening With 
an IC die support structure removably held therein is 
formed. Astiffener strip that includes a plurality of stiffeners 
is attached to the substrate strip such that a ?rst surface of 
each stiffener of the plurality of stiffeners is attached to a ?rst 
surface of a corresponding substrate of the plurality of 
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substrates. An IC die is mounted to a central region of a 
second surface of each stiffener of the plurality of stiffeners. 
A bond pad of the IC die mounted to each stiffener of the 
plurality of stiffeners is connected to a contact pad on the 
?rst surface of the corresponding substrate of the plurality of 
substrates With a Wire bond. The IC die and the Wire bond 
are encapsulated on the second surface of each stiffener of 
the plurality of stiffeners. The IC die support structure is 
subsequently removed from the centrally located opening of 
each substrate of the plurality of substrates. 

[0021] Further aspects, features, and advantages of the 
present invention, as Well as the structure and operation of 
the various embodiments of the present invention, are 
described in detail beloW With reference to the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0022] The accompanying draWings, Which are incorpo 
rated herein and form a part of the speci?cation, illustrate the 
present invention and, together With the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the 
invention. 

[0023] FIGS. 1A and 1B illustrate cross-sectional vieWs 
of ?ex BGA packages. 

[0024] 
[0025] FIG. 2B shoWs a temperature distribution for a 
stiffener during operation of an IC device in a ?ex BGA 
package. 

[0026] FIG. 2C shoWs a top vieW of an alternative stiff 
ener con?guration. 

FIG. 2A shoWs a top vieW of a stiffener. 

[0027] FIG. 3 shoWs a cross-sectional vieW of a die-up 
plastic BGA package. 

[0028] FIG. 4A illustrates a cross-sectional vieW of a 
die-up BGA package. 

[0029] FIGS. 4B and 4C illustrate exemplary solder ball 
arrangements for the die-up BGA package of FIG. 4A. 

[0030] 
layer. 

[0031] FIG. 6 shoWs an example BGA package With a 
heat spreader attached to the package stiffener through an 
opening in the package substrate. 

FIG. 5 shoWs exemplary routing in a substrate 

[0032] FIG. 7 shoWs an example vieW of the bottom 
surface of the BGA package of FIG. 6. 

[0033] FIG. 8 shoWs an example panel of stiffeners, 
according to an embodiment of the present invention. 

[0034] FIG. 9 shoWs an example panel of substrates, 
according to an embodiment of the present invention. 

[0035] FIG. 10A shoWs an example cross-sectional vieW 
of an IC die being mounted to a stiffener during an assembly 
process for a BGA package. 

[0036] FIG. 10B shoWs a cross-sectional vieW illustrating 
example stress and deformation of elements of the BGA 
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package resulting from the IC die being mounted to the 
stiffener during the assembly process for the BGA package 
shoWn in FIG. 10A. 

[0037] FIG. 10C shoWs a cross-sectional vieW illustrating 
example stress and deformation of elements of a BGA 
package resulting from a Wire bond being attached to an IC 
die during an assembly process for the BGA package. 

[0038] FIG. 11 illustrates a cross-sectional vieW of an 
example IC die support structure that at least partially 
relieves the stress and deformation of elements of the BGA 
package shoWn in FIG. 10B, according to an embodiment of 
the present invention. 

[0039] FIG. 12 illustrates a bottom vieW of a substrate 
With an example tape-supported IC die support structure, 
according to an embodiment of the present invention. 

[0040] FIGS. 13-15 illustrate bottom and/or top vieWs of 
substrates With tab-attached IC die support structures, 
according to embodiments of the present invention. 

[0041] FIG. 16 shoWs a ?oWchart providing example 
steps for assembling a BGA package With IC die support, 
according to embodiments of the present invention. 

[0042] FIGS. 17A and 17B shoW ?oWcharts providing 
example steps for assembling a plurality of BGA packages, 
according to embodiments of the present invention. 

[0043] The present invention Will noW be described With 
reference to the accompanying drawings. In the drawings, 
like reference numbers indicate identical or functionally 
similar elements. Additionally, the left-most digit(s) of a 
reference number identi?es the draWing in Which the refer 
ence number ?rst appears. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] OvervieW 

[0045] The present invention is directed to a method and 
system for improving assembly processes for BGA pack 
ages, and therefore to improving the mechanical, thermal, 
and electrical performance of BGA packages. The present 
invention is applicable BGA packages of all types of BGA 
substrates, including ceramic, plastic, and tape (?ex) sub 
strates. Furthermore the present invention is applicable to 
die-up (cavity-up) and die-doWn (cavity-doWn) orientations. 

[0046] Numerous embodiments of the present invention 
are presented herein. First, ball grid array package types are 
described beloW. Next, further detail on the above described 
embodiments for assembling BGA packages With IC die 
support, and additional embodiments according to the 
present invention, are described. The embodiments 
described herein may be combined as required by a particu 
lar application. 

[0047] Ball Grid Array (BGA) Package 

[0048] Aball grid array (BGA) package is used to package 
and interface an IC die With a printed circuit board (PCB). 
BGA packages may be used With any type of IC die, and are 
particularly useful for high speed ICs. In a BGA package, 
solder pads do not just surround the package periphery, as in 
chip carrier type packages, but cover most or all of the 
bottom package surface in an array con?guration. BGA 
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packages are also referred to as pad array carrier (PAC), pad 
array, land grid array, and pad-grid array packages. BGA 
packages types are further described in the following para 
graphs. For additional description on BGApackages, refer to 
Lau, J. H., Ball Grid Array Technology, McGraW-Hill, NeW 
York, (1995), Which is herein incorporated by reference in 
its entirety. 

[0049] Die-up and die-doWn BGA package con?gurations 
exist. In die-up BGA packages, the IC die is mounted on a 
top surface of the substrate or stiffener, in a direction aWay 
from the PCB. In die-doWn BGA packages, the IC die is 
mounted on a bottom surface of the substrate or stiffener, in 
a direction toWards the PCB. 

[0050] A number of BGA package substrate types exist, 
including ceramic, plastic (PBGA), and tape (also knoWn as 
“?ex”) (for example, refer to Hayden, T.F., et al., Thermal & 
Electrical Performance and Reliability Results for Cavity 
Up Enhanced BGAs, Electronic Components and Technol 
ogy Conference, IEEE, pp. 638-644 (1999), Which is incor 
porated herein by reference). FIG. 1A illustrates a ?ex BGA 
package 100. Flex BGApackage 100 includes an IC die 102, 
a tape substrate 104, a plurality of solder balls 106, and one 
or more Wire bonds 108. Tape or ?ex BGA packages are 
particularly appropriate for large IC dies With large numbers 
of inputs and outputs, such as application speci?c integrated 
circuits (ASIC) and microprocessors. 

[0051] Tape substrate 104 is generally made from one or 
more conductive layers bonded With a dielectric material. 
For instance, the dielectric material may be made from 
various substances, such as polyimide tape. The conductive 
layers are typically made from a metal, or combination of 
metals, such as copper and aluminum. Trace or routing 
patterns are made in the conductive layer material. Substrate 
104 may be a single-layer tape, a tWo-layer tape, or addi 
tional layer tape substrate type. In a tWo-layer tape, the metal 
layers sandWich the dielectric layer, such as in a copper 
Upilex-copper arrangement. 

[0052] IC die 102 is attached directly to substrate 104, for 
example, by an epoxy. IC die 102 is any type of semicon 
ductor IC. 

[0053] One or more Wire bonds 108 connect correspond 
ing bond pads 118 on IC die 102 to contact pads or points 
120 on substrate 104. 

[0054] An encapsulate 116, such as a mold compound, 
epoxy, or other encapsulating material, covers IC die 102 
and Wire bonds 108 for mechanical and environmental 
protection. 

[0055] As shoWn in FIG. 1A, ?ex BGA package 100 does 
not include a stiffener. In some BGA package types, par 
ticularly in ?ex BGA packages, a stiffener can be attached to 
the substrate to add planarity and rigidity to the package. 
FIG. 1B illustrates a ?ex BGA package 110, similar to ?ex 
BGApackage 100, that incorporates a stiffener 112. Stiffener 
112 may be laminated or otherWise attached to substrate 104. 
Stiffener 112 is typically made from a metal, or combination 
of metals, such as copper, tin, and aluminum, or may be 
made from a polymer and other materials, for example. 
Stiffener 112 also may act as a heat sink, and alloW for 
greater heat spreading in BGA package 110. One or more 
openings 114 in stiffener 112 may be used to alloW for Wire 
bonds 108 to connect IC die 102 to substrate 104. Stiffener 
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112 may be con?gured in other Ways, and have different 
opening arrangements than shoWn in FIG. 1B. 

[0056] The use of a stiffener in a ?ex BGA package 
requires additional considerations When attempting to man 
age heat spreading. FIG. 2A shoWs a top vieW of a stiffener 
112. Stiffener 112 includes an opening 114 adjacent to all 
four sides of an IC die mounting position 202 in the center 
of stiffener 112. FIG. 2B shoWs a temperature distribution 
204 of a stiffener, such as stiffener 112, during operation of 
an IC die in a ?ex BGA package. Temperature distribution 
204 shoWs that heat transfer from IC die mounting position 
202 to the edges of stiffener 112 is substantially limited by 
openings 114. Openings 114 act as thermal barriers to heat 
spreading in stiffener 112. 

[0057] FIG. 2C shoWs a top vieW of an alternative con 
?guration for stiffener 112, according to an embodiment of 
the present invention. Stiffener 112 includes an opening 206 
adjacent to all four sides of an IC die mounting position 202 
in the center of stiffener 112. Openings 206 are similar to 
openings 114 of FIG. 2A, but have a different shape. The 
different shape can enhance thermal transfer to the outer 
areas of stiffener 112, for example. Further alternatively 
shaped openings in stiffener 112 are applicable to the present 
invention, including elliptical or rounded openings, etc. 

[0058] FIG. 3 shoWs a cross-sectional vieW of a conven 
tional die-up PBGA package 300. PBGA package 300 
includes a plastic substrate 302, an IC die 304, a plurality of 
solder balls 306, a plurality of Wire bonds 308, a die pad 310, 
one or more vias 314, and one or more thermal/ground vias 
316. 

[0059] Plastic substrate 302 includes one or more metal 
layers formed on an organic substrate. For example, plastic 
or organic substrates may include materials such as “BT”, 
Which includes a resin called bis-maleimide triaZine, and/or 
“FR-4,” Which is a ?re-retardant epoxy resin-glass cloth 
laminate material, and/or other similar materials. IC die 304 
is mounted to die pad 310. IC die 304 may be attached to die 
pad 310 With an epoxy, such as a silver-?lled epoxy. Wire 
bonds 308 connect signals of IC die 304 to substrate 302. For 
instance, gold bonding Wire is bonded from aluminum bond 
pads on IC die 304 to gold-plated contact pads on substrate 
302. The contact pads on substrate 302 connect to solder 
balls 306 attached to the bottom surface of substrate 302, 
through vias 314 and routing Within substrate 302 using 
copper conductors 312. Thermal/ground vias 316 connect 
die pad 310 to one or more thermal/ground balls 322 on the 
center bottom surface of substrate 302. An encapsulate, 
mold compound, or epoxy 320 covers IC die 304 and Wire 
bonds 308 for mechanical and environmental protection. 

[0060] As described above, a BGA package includes an 
array of solder balls located on a bottom external surface of 
the package substrate. FIG. 4A illustrates a cross-sectional 
vieW of a die-up BGA package 400. FIGS. 4B and 4C 
illustrate exemplary solder ball arrangements for die-up 
BGApackage 400. As shoWn in FIG. 4A, BGApackage 400 
includes an IC die 408 mounted on a substrate 412. IC die 
408 is electrically connected to substrate 412 by one or more 
Wire bonds 410. Wire bonds 410 are electrically connected 
to solder balls 406 underneath substrate 412 through corre 
sponding vias and routing in substrate 412. The vias in 
substrate 412 can be ?lled With a conductive material, such 












